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THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a porous 
substrate which can prevent the cracks of a zeolite film, 
when the zeolite film is formed on the surface of the 



substrate, to provide a zeolite composite film, and to 
provide a method for producing the same. 
SOLUTION: This porous substrate characterized by 
comprising a zeolite which has a TPA 
(tetrapropylammonium ion)/Si02 molar ratio of 0.015 to 
0.08 and has perfectly been crystallized, or a zeolite 
which has a TPA (tetrapropylammonium ion)/Si02 molar 
ratio of 0.02 to 0.12 and is being crystallized. The zeolite 
composite film characterized by comprising the zeolite 
film and a porous substrate comprising a zeolite having 
the same composition as the zeolite film or a 




composition similar to the zeolite film, wherein the 
zeolite film is formed on the porous substrate. The 
method for producing the zeolite composite film in which 
a zeolite film is formed on a porous substrate, 
characterized by using a porous substrate which 

comprises a zeolite having the same composition as the formed zeolite film or a composition 
similar to the zeolite film and the same molding agent as that of the zeolite film, coating the 
zeolite film on the porous substrate, and calcining the composite material to simultaneously 
removing the molding agent from both the porous substrate and the zeolite film. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A porosity base with which a mole ratio of TPA (tetrapropylammonium ion)/Si02 is 0.08 or less [ 0.015 or 
more ], and is characterized by consisting of a zeolite crystallized thoroughly. 

[Claim 2] A porosity base with which a mole ratio of TPA (tetrapropylammonium ion)/Si02 is characterized by or more 
0.02 a thing which it is 0.12 or less and is consisted of a zeolite on the way of crystallization. 
[Claim 3] Zeolite bipolar membrane characterized by consisting of a porosity base and coming to form membranes 
said zeolite film on this porosity base while it consists of a porosity base which consists of zeolites which a mole ratio 
of TPA (tetrapropylammonium ion)/Si02 is 0.08 or less [ 0.015 or more ], and were crystallized thoroughly while 
having the same presentation as a zeolite film and this zeolite film, or a similar presentation, and having the same 
presentation as this zeolite film, or a similar presentation. 

[Claim 4] Zeolite bipolar membrane intermediate field which a mole ratio of TPA (tetrapropylammonium ion)/Si02 is 
0.08 or less [ 0.015 or more ], and are characterized by consisting of a porosity base which consists of zeolites 
crystallized thoroughly, and coming to form membranes said zeolite film on this porosity base while having the same 
presentation as a zeolite film containing a mold agent, and this zeolite film, or a similar presentation and containing 
the same mold agent as this zeolite film. 

[Claim 5] With a zeolite of the same presentation as a zeolite film which forms membranes, or a similar presentation 
While containing the same mold agent as this zeolite film, and a mole ratio of TPA (tetrapropylammonium ion)/Si02 
Using a porosity base which is 0.08 or less [ 0.015 or more ], and consists of zeolites crystallized thoroughly, 
temporary quenching is carried out, after covering this zeolite film on this porosity base. A manufacture method of 
zeolite bipolar membrane characterized by obtaining zeolite bipolar membrane by which said zeolite film was formed 
on this porosity base by removing a mold agent from this zeolite film and this porosity base simultaneously. 
[Claim 6] Zeolite bipolar membrane characterized by a mole ratio of TPA (tetrapropylammonium ion)/Si02 consisting 
of or more 0.02 porosity base which is 0.12 or less and consists of zeolites on the way of crystallization, and coming to 
form membranes said zeolite film on this porosity base while having the same presentation as a zeolite film and this 
zeolite film, or a similar presentation. 

[Claim 7] Zeolite bipolar membrane intermediate field characterized by a mole ratio of TPA (tetrapropylammonium 
ion)/Si02 consisting of or more 0.02 porosity base which is 0.12 or less and consists of zeolites on the way of 
crystallization, and coming to form membranes said zeolite film on this porosity base while having the same 
presentation as a zeolite film containing a mold agent, and this zeolite film, or a similar presentation and containing 
the same mold agent as this zeolite film. 

[Claim 8] With a zeolite of the same presentation as a zeolite film which forms membranes, or a similar presentation 
While containing the same mold agent as this zeolite film, and a mole ratio of TPA (tetrapropylammonium ion)/Si02 
Using or more 0.02 porosity base which is 0.12 or less and consists of zeolites on the way of crystallization, temporary 
quenching is carried out, after covering this zeolite film on this porosity base. A manufacture method of zeolite bipolar 
membrane characterized by obtaining zeolite bipolar membrane by which said zeolite film was formed on this porosity 
base by removing a mold agent from this zeolite film and this porosity base simultaneously. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the manufacture method of a porosity base, 

zeolite bipolar membrane, and zeolite bipolar membrane. 

[0002] 

[Description of the Prior Art] From the former, the zeolite bipolar membrane which comes to form membranes a zeolite 
film is known on the base and the base material front face, and various methods are proposed also about the 
manufacture method. In JP, 59-21 361 5,A, having used what covered minerals to the base material of a metal and 
others at lists, such as glass, a mullite and cordierite system ceramics, an alumina, and a silica, as a base of a zeolite 
film is indicated. 

[0003] The bipolar membrane which comes to coalesce in one front face of a metal, an inorganic substance, or the 
porosity base material of a polymeric material in the thin film of a cage mold zeolite is indicated by JP,60-28826,A. 
And the good result is obtained, using a thing especially with high gel matter and compatibility as a base material, for 
example, it is indicated that No.7930 or the thing generally called the Vycor glass by the Corning glass works 
company is desirable especially as a base material. The monolithic base material which has the oxide presentation 
JP, 1-1 48771 ,A becomes [ presentation ] the front face of a monolithic ceramic base material from a 45-4wt% silica, a 
8-45wt% alumina, and a 7-20wt% magnesia about the method of crystallizing a zeolite is indicated, and, specifically, 
**** Aoishi, glass, or the sintering monolithic base material of a glass ceramic is indicated. 

[0004] JP,6-32610,A is indicating the substrate which consists of matter which uses an oxidation silicon as a principal 
component about the manufacture method of A mold or a faujasite mold zeolite film. Since the substrate itself is the 
raw material of a zeolite film and a substrate front face is formed into a zeolite film for the purpose of the adhesion to a 
substrate solving a bad problem, as for this method, composition and installation can be advanced simultaneously and 
a process is compacted. The substrate which specifically consists of borosilicated glass, quartz glass, a silica alumina, 
a mullite, etc. is mentioned. JP,9-173799,A is indicating what consists of inorganic, organic, or the quality of mixture 
chosen from the group which consists of the ceramic matter which uses an alumina, a zirconia, or titanium oxide as 
the base, a metal, carbon, a silica, a zeolite, clay, and polymer as support about the generation method of a support 
zeolite film, and the obtained film. 
[0005] 

[Problem(s) to be Solved by the Invention] Thus, although the zeolite bipolar membrane which comes to form 
membranes a zeolite film on a base front face was known from the former, it became clear in such bipolar membrane 
that there were the following problems. That is, as shown in drawing 3 , the coefficient of thermal expansion of a 
zeolite is a value very small even about 200 degrees C, but if it becomes an elevated temperature after that, very 
complicated behavior which shows a negative coefficient will be carried out. For this reason, when using a zeolite film 
at the temperature exceeding 200 degrees C, the differential thermal expansion of a base, for example, the nature 
base of an alumina, becomes extremely large, and makes a zeolite film produce a crack with thermal stress. 
[0006] Moreover, there are some which need to add a mold agent or a crystallization accelerator depending on the 
class of zeolite film at the time of composition. Although temporary quenching of the zeolite film containing a mold 
agent is carried out at about 500 degrees C and a mold agent is removed As shown in the thermal-expansion curve of 
the MFI mold zeolite of drawing 4 , the thermal-expansion behavior of the zeolite film containing a mold agent from 
differing from the thermal-expansion behavior (the thermal-expansion curve of drawin g 3 , and thermal-expansion 
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curve after temporary quenching of drawin g 4 ) of a zeolite film without a mold agent dramatically For example, a 
differential thermal expansion with bases, such as a nature base of an alumina, becomes extremely large, and a crack 
will arise on a zeolite film with thermal stress at the time of temporary quenching. Therefore, this invention is made in 
view of the technical problem of such conventional technology, and in forming a zeolite film on a base front face, the 
place made into the object is by making both thermal-expansion behavior almost the same using the porosity base 
excellent in the mechanical strength of a similar presentation to offer [ the same as that of a zeolite film, or ] the 
porosity base which can prevent the crack of a zeolite film, zeolite bipolar membrane, and its manufacture method. 
[0007] 

[Means for Solving the Problem] According to this invention, a porosity base with which a mole ratio of TPA 
(tetrapropylammonium ion)/Si02 is 0.08 or less [ 0.015 or more ], and is characterized by consisting of a zeolite 
crystallized thoroughly, and a porosity base with which a mole ratio of TPA (tetrapropylammonium ion)/Si02 is 
characterized by or more 0.02 a thing which it is 0.12 or less and is consisted of a zeolite on the way of crystallization 
are offered. 

[0008] Next, according to this invention, while having the same presentation as a zeolite film and this zeolite film, or a 
similar presentation, a mole ratio of TPA (tetrapropylammonium ion)/Si02 is 0.08 or less [ 0.015 or more ], and it 
consists of a porosity base which consists of zeolites crystallized thoroughly, and zeolite bipolar membrane 
characterized by coming to form membranes said zeolite film is offered on this porosity base. 
[0009] Moreover, while according to this invention having the same presentation as a zeolite film containing a mold 
agent, and this zeolite film, or a similar presentation and containing the same mold agent as this zeolite film A mole 
ratio of TPA (tetrapropylammonium ion)/Si02 It consists of a porosity base which is 0.08 or less [ 0.015 or more ], and 
consists of zeolites crystallized thoroughly, and zeolite bipolar membrane intermediate field characterized by coming 
to form membranes said zeolite film are offered on this porosity base. 

[0010] With furthermore, a zeolite of the presentation same according to this invention as a zeolite film which forms 
membranes, or a similar presentation While containing the same mold agent as this zeolite film, and a mole ratio of 
TPA (tetrapropylammonium ion)/Si02 Using a porosity base which is 0.08 or less [ 0.015 or more ], and consists of 
zeolites crystallized thoroughly, temporary quenching is carried out, after covering this zeolite film on this porosity 
base. By removing a mold agent from this zeolite film and this porosity base simultaneously, a manufacture method of 
zeolite bipolar membrane characterized by obtaining zeolite bipolar membrane by which said zeolite film was formed 
is offered on this porosity base. 

[001 1] Furthermore, according to this invention, while having the same presentation as a zeolite film and this zeolite 
film, or a similar presentation, a mole ratio of TPA (tetrapropylammonium ion)/Si02 consists of or more 0.02 porosity 
base which is 0.12 or less and consists of zeolites on the way of crystallization, and zeolite bipolar membrane 
characterized by coming to form membranes said zeolite film is offered on this porosity base. 
[0012] Moreover, while according to this invention having the same presentation as a zeolite film containing a mold 
agent, and this zeolite film, or a similar presentation and containing the same mold agent as this zeolite film A mole 
ratio of TPA (tetrapropylammonium ion)/Si02 It consists of or more 0.02 porosity base which is 0.12 or less and 
consists of zeolites on the way of crystallization, and zeolite bipolar membrane intermediate field characterized by 
coming to form membranes said zeolite film are offered on this porosity base. 

[0013] With furthermore, a zeolite of the presentation same according to this invention as a zeolite film which forms 
membranes, or a similar presentation While containing the same mold agent as this zeolite film, and a mole ratio of 
TPA (tetrapropylammonium ion)/Si02 Using or more 0.02 porosity base which is 0.12 or less and consists of zeolites 
on the way of crystallization, temporary quenching is carried out, after covering this zeolite film on this porosity base. 
By removing a mold agent from this zeolite film and this porosity base simultaneously, a manufacture method of 
zeolite bipolar membrane characterized by obtaining zeolite bipolar membrane by which said zeolite film was formed 
is offered on this porosity base. 
[0014] 

[Embodiment of the Invention] In the zeolite bipolar membrane which formed the zeolite film on the porosity base 
excellent in the mechanical strength, and the above-mentioned porosity base, the thermal-expansion behavior of a 
zeolite, especially the thermal-expansion behavior of the zeolite film containing a mold agent complete this invention 
on the basis of having found out differing dramatically as compared with a zeolite film without a mold agent, as shown 
in drawin g 3 -4. Namely, only by manufacturing zeolite bipolar membrane using the porosity base which has the 
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coefficient of thermal expansion approximated to the coefficient of thermal expansion of a zeolite film Since the 
differential thermal expansion at the time of carrying out temporary quenching at about 500 degrees C cannot be 
canceled in order to remove a mold agent, but a crack arises on a zeolite film, it sets to this invention. It consists of 
zeolites which have the same presentation as the zeolite film containing a mold agent, and this zeolite film, or a similar 
presentation, and the porosity base excellent in the mechanical strength containing the same mold agent as the 
zeolite film of a parenthesis is used. 

[0015] Hereafter, this invention is further explained to details. As for the porosity base of this invention, it is desirable 
that the zeolite which the mole ratio of TPA (tetrapropylammonium ion)/Si02 is 0.08 or less [ 0.015 or more ], and was 
crystallized thoroughly, or the mole ratio of TPA (tetrapropylammonium ion)/Si02 is 0.12 or less [ 0.02 or more ], and 
consists of a zeolite on the way of crystallization. Thereby, a membranous function can be held, without destroying a 
film, also after forming a film, without destroying also under hydrothermal environment it not only being able to forming 
a film, but since the porosity base of this invention can raise the reinforcement to 1 .5 or more MPas. 
[0016] The case where a clear peak could not be checked only with a broadcloth halo, applying the crystal phase of a 
zeolite to a 20-30 degrees (CuKalpha) field in an X diffraction here was made amorphous, even when it was small, the 
case where the peak of a zeolite was accepted was made into the crystallization way, all the sharp peaks that show a 
zeolite were accepted clearly, and the case where there was no halo was used as perfect crystal. In addition, in the 
case of the zeolite on the way of crystallization, it has the compound wave form where the halo which shows an 
amorphous substance, and the sharp peak which shows a zeolite lapped in X-ray. 

[0017] Moreover, the zeolite bipolar membrane of this invention consists of the above-mentioned porosity base which 
consists of zeolites which have the same presentation as a zeolite film and this zeolite film, or a similar presentation. 
Here, MFI, DOH, DDR, MTN, AFI, etc. are known as what shows nonlinear unusual behavior [ thermal expansion ] 
from the former as a zeolite (ParkS.H.etal.Stud.Surf.Sci.Catal. 1997, 105, 1989 -1994 reference). 
[0018] Moreover, there are the hydroxide and bromide of TPA (tetrapropylammonium) to a MFI mold, a hydroxide, a 
bromide of TEA (tetraethylammonium) to a BEA mold, etc. in the zeolite film which needs a mold agent, and the 
thermal-expansion behavior has a big difference like drawing 3 -4 by the zeolite film containing a mold agent, and the 
zeolite film without a mold agent. Therefore, like this invention, in covering the zeolite film containing a mold agent, the 
porosity base to be used is same entering a mold agent, and when using what consisted of zeolites of a similar 
presentation and, covering a zeolite film without a mold agent on the other hand, the porosity base to be used is 
identically the same, and it uses without a mold agent the same or the thing which consisted of zeolites of a similar 
presentation. 

[0019] As the manufacture method of the zeolite film covered to a porosity base, a well-known method can be adopted 
conventionally, for example, a hydrothermal crystallization method, gaseous-phase conveyancing, etc. can be used. 
Moreover, as the manufacture method of a porosity base, the following method is learned and all can be used. That is, 
after hardening with a binder the method (2) zeolite powder which hardens (1) zeolite powder with a binder, it is the 
method of fabricating the method (3) zeolite precursor which makes a binder convert into a zeolite by the chemical 
treatment, and making it convert into a zeolite by heat-treatment. 

[0020] In the binder addition method of the above (1), the method (refer to JP,2-4445,A) of adding sols, such as a 
silica sol, to a zeolite and the method (refer to JP, 10-81 51 1,A) of adding attapulgite system clay and carboxyl methyl 
cellulose to a zeolite can be mentioned. In the binder loess method of the above (2), there are a method (refer to 
JP,10-101326,A) of transferring a kaolin to a zeolite by calcinating a kaolin after addition mixing to a zeolite, and 
subsequently carrying out alkali hydrothermal processing, a method (refer to JP,52-1 03391 ,A) of converting 
metakaolin into a zeolite by mixing and carrying out alkali treatment of a zeolite and the metakaolin, etc. 
[0021] Furthermore, it sets to the zeolite solid phase synthesis method of the above (3). By mixing a template (mold 
agent) to a money dynamite, obtaining amorphism silicate powder, and carrying out shaping afterbaking processing of 
this By drying, after hydrolyzing the method (refer to the patent No. 2725720 official report) of obtaining zeolites, such 
as MFI, and the thing which mixed the template to TEOS, obtaining amorphism silicate powder, and fabricating and 
heat-treating this The method (see Shimizu, S., Kiyozumi Y.& Mizukami F.Chem.Lett., 1996, and 403-404) of 
obtaining a zeolite etc. can be mentioned. 

[0022] In addition, the crack produced in a zeolite film by the differential thermal expansion is a thing with a molecular 
level of about 8-50A, and cannot detect SEM, either. Then, in this invention, the following method was used as a 
measuring method of the above-mentioned crack. A primary method (rhodamine trial) is the method of trickling 
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Rhodamine B on a zeolite film, visualizing a crack, and observing with an optical microscope. The second method is 
pervaporation, and as shown in drawin g 5 , it is a method of checking the existence of a crack by the vacuum gage 13 
or the gas chromatography by attracting the triisopropyl benzene (TIPB) molecule 10 with a vacuum pump 12, and 
passing the zeolite film 1 1 . 
[0023] 

[Example] Hereafter, although an example explains this invention concretely, this invention is not restricted to these 
examples. 

[0024] (Examples 1-5, the examples 1-7 of a comparison: The manufacture method 1 of a porosity base) To 200ml 
Teflon (registered trademark) beaker A tetrapropylammonium hydroxide solution (product made from Wako Pure 
Chem Industry) is added 10% with an abbreviation 30wt% silica sol (the Snow tex S, product made from Nissan 
Chemistry). As the mole ratio of TPA (tetrapropylammonium ion)/Si02 shows in a table 1, it adjusts, respectively. After 
stirring with a magnetic stirrer for 30 minutes at a room temperature, the colorless desiccation gel whose moisture 
content is less than [ 10wt% ] was obtained, respectively by continuing stirring kneading, heating at 80 more degrees 
C, and evaporating water. It was amorphous when the crystal structure was investigated for the obtained desiccation 
gel by the X diffraction. The Plastic solid of the shape of a 4mmx4mmx50mm rod was acquired, respectively by an 
agate mortar's grinding the obtained desiccation gel, and performing a metal mold 1 shaft press by total pressure 
1ton, after making it the powder which passed 355 micrometer mesh of openings. 

[0025] The porosity base was obtained, respectively by setting the acquired Plastic solid on a Teflon board so that 
water may not be contacted, and making it react under a 18-hour spontaneous generation water vapor pressure in 
180-degree C oven into the resisting pressure container made from stainless steel with a Teflon container liner into 
which distilled water of the amount of one half of Plastic solid weight was put. 

[0026] It became clear that it was the porous body of a MFI mold zeolite, and the zeolite was crystallizing thoroughly 
the obtained porosity base (examples 1-5, examples 1-7 of a comparison) in X-ray when a crystal phase is 
investigated by the X diffraction. In addition, the example 1 of a comparison was not a zeolite. Next, JIS after drying 
enough the obtained porosity base (examples 1-5, examples 1-7 of a comparison) at 80 degrees C Four-point flexural 
strength was measured according to R1601. The result is shown in a table 1. 
[0027] 
[A table 1] 
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[0028] (Consideration: Examples 1-5, examples 1-7 of a comparison) From the result of a table 1, it became clear like 
examples 1-5 that the reinforcement of 3 or more MPas discovered the porosity base which consists of a zeolite 
crystallized thoroughly by adjusting the mole ratio of TPA (tetrapropylammonium ion)/Si02 to 0.08 or less [ 0.015 or 
more ]. 

[0029] (Examples 6-11, the examples 8-10 of a comparison: The manufacture method 2 of a porosity base) To 200ml 
Teflon beaker A tetrapropylammonium hydroxide solution (product made from Wako Pure Chem Industry) is added 
10% with an abbreviation 30wt% silica sol (the Snow tex S, product made from Nissan Chemistry). As the mole ratio 
of TPA (tetrapropylammonium ion)/Si02 shows in a table 2, it adjusts, respectively. After stirring with a magnetic 
stirrer for 30 minutes at a room temperature, the colorless desiccation gel whose moisture content is less than 
[ 10wt% ] was obtained, respectively by continuing stirring kneading, heating at 80 more degrees C, and evaporating 
water. It was amorphous when the crystal structure was investigated for the obtained desiccation gel by the X 
diffraction. The Plastic solid of the shape of a 4mmx4mmx50mm rod was acquired, respectively by an agate mortar's 
grinding the obtained desiccation gel, and performing a metal mold 1 shaft press by total pressure 1ton, after making it 
the powder which passed 355 micrometer mesh of openings. 

[0030] The porosity base was obtained, respectively by setting the acquired Plastic solid on a Teflon board so that 
water may not be contacted, and making it react under a 10-hour spontaneous generation water vapor pressure in 
130-degree C oven into the resisting pressure container made from stainless steel with a Teflon container liner into 
which distilled water of the amount of one half of Plastic solid weight was put. 

[0031] It was the zeolite porous body on the way of crystallization which the examples 9-10 of a comparison are the 
porous bodies of a MFI mold zeolite, and examples 6-11 become from a MFI mold zeolite and an amorphous 
substance about the obtained porosity base (examples 6-1 1 , examples 8-10 of a comparison) when a crystal phase is 
investigated by the X diffraction. In addition, there was no example 8 of a comparison at a zeolite. Next, JIS after 
drying enough the obtained porosity base (examples 6-1 1 , examples 8-10 of a comparison) at 80 degrees C Four- 
point flexural strength was measured according to R1601 . The result is shown in a table 2. 
[0032] 
[A table 2] 
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[0033] (Consideration: Examples 6-1 1 , examples 8-10 of a comparison) From the result of a table 2, it became clear 
like examples 6-1 1 that the reinforcement of 1 .5 or more MPas discovered the porosity base which consists of a 
zeolite on the way of crystallization by adjusting the mole ratio of TPA (tetrapropylammonium ion)/Si02 to 0.12 or less 
[ 0.02 or more ]. 

[0034] (Example 12: The manufacture method 1 of zeolite bipolar membrane) 15.26g (product made from Wako Pure 
Chem Industry) of 10% tetrapropylammonium hydroxide solutions, and tetrapropylammonium bromide (product made 
from Wako Pure Chem Industry) 2.00g - mixing - further - distilled water - 49.85g and about 30 - wt% silica sol 
(Snow tex S, product made from Nissan Chemistry) 6.00g - in addition, the sol for membrane formation stirred with 
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the magnetic stirrer for 30 minutes at the room temperature was adjusted. 

[0035] Put in into 100ml resisting pressure container made from stainless steel with a Teflon container liner, the 
porosity base of an example 3 was made immersed, and this sol was made to react in 180-degree C oven for 18 
hours. It was checked from the X diffraction that this precise film is a film of a MFI mold zeolite as were shown in the 
scanning electron microscope (SEM) photograph of drawin g 1 , and about 17-micrometer compact layer is formed on 
the porous zeolite base and it was shown in drawing 2 , when the cross section after a reaction was observed with the 
scanning electron microscope (SEM). When temperature up of the zeolite bipolar membrane intermediate field 
obtained as mentioned above was carried out to 500 degrees C among the electric furnace, it held for 4 hours and 
tetrapropylammonium was removed, as shown in a table 3, a crack was not accepted by rhodamine trial and it has 
checked that it was the precise zeolite bipolar membrane which does not have passage of a molecule and does not 
have a crack also with the pervaporation of triethyl benzene. 

[0036] (Example 13: The manufacture method 2 of zeolite bipolar membrane) It was immersed in the same sol as an 
example 12, and the porosity base of an example 7 was put in into 100ml resisting pressure container made from 
stainless steel with a Teflon container liner, and was made to react in 180-degree C oven for 18 hours. When the 
cross section after a reaction was observed by SEM, the same compact layer as an example 3 is formed on the 
porosity base, and it was checked from the X diffraction that it is the film of a MFI mold zeolite. Moreover, the base 
portion which was amorphous before membrane formation was also converted into the MFI mold zeolite by membrane 
formation processing, and the zeolite bipolar membrane intermediate field by which the zeolite film was formed on the 
zeolite porosity base were obtained. When temperature up of the zeolite bipolar membrane intermediate field obtained 
as mentioned above was carried out to 500 degrees C among the electric furnace, it held for 4 hours and 
tetrapropylammonium was removed, as shown in a table 3, a crack was not accepted by rhodamine trial and it was 
checked also with the pervaporation of triisopropyl benzene (TIPB) that it is the precise zeolite bipolar membrane 
which does not have passage of a molecule and does not have a crack. 

[0037] (Example 1 1 of a comparison) The porosity alumina was immersed in the sol adjusted like the example 12, and 
the zeolite film was formed by the same method as an example 12. When temperature up of this film was carried out 
to 500 degrees C among the electric furnace, it was held for 4 hours and tetrapropylammonium was removed, as 
shown in a table 3, the crack was accepted by the rhodamine trial, and the molecule had passed also with the 
pervaporation of triisopropyl benzene, and it was not an airtight film. 

[0038] (Example 12 of a comparison) Porosity silicon nitride was immersed in the sol adjusted like the example 12, 
and the zeolite film was formed by the same method as an example 12. When temperature up of this film was carried 
out to 500 degrees C among the electric furnace, it was held for 4 hours and tetrapropylammonium was removed, as 
shown in a table 3, the crack was accepted by the rhodamine trial, and the molecule had passed also with the 
pervaporation of triisopropyl benzene, and it was not an airtight film. 

[0039] (Example 13 of a comparison) The porosity mullite was immersed in the sol adjusted like the example 12, and 
the zeolite film was formed by the same method as an example 12. When temperature up of this film was carried out 
to 500 degrees C among the electric furnace, it was held for 4 hours and tetrapropylammonium was removed, as 
shown in a table 3, the crack was accepted by the rhodamine trial, and the molecule had passed also with the 
pervaporation of triisopropyl benzene, and it was not an airtight film. 

[0040] (Example 14 of a comparison) Porosity silica glass was immersed in the sol adjusted like the example 12, and 
the zeolite film was formed by the same method as an example 12. When temperature up of this film was carried out 
to 500 degrees C among the electric furnace, it was held for 4 hours and tetrapropylammonium was removed, as 
shown in a table 3, the crack was accepted by the rhodamine trial, and the molecule had passed also with the 
pervaporation of triisopropyl benzene, and it was not an airtight film. 

[0041] (Example 15 of a comparison) Porosity cordierite was immersed in the sol adjusted like the example 12, and 
the zeolite film was formed by the same method as an example 12. When temperature up of this film was carried out 
to 500 degrees C among the electric furnace, it was held for 4 hours and tetrapropylammonium was removed, as 
shown in a table 3, the crack was accepted by the rhodamine trial, and the molecule had passed also with the 
pervaporation of triisopropyl benzene, and it was not an airtight film. 
[0042] 
[A table 3] 
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[0043] 

[Effect of the Invention] In forming a zeolite film on a base front face according to this invention, as explained above, 
the same as that of a zeolite film or the zeolite bipolar membrane which a crack does not produce on a zeolite film 
since both thermal-expansion behavior was made almost the same by using the porosity base excellent in the 
mechanical strength of a similar presentation can be obtained. 
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Kage 1 of 1 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] It is the SEM photograph in which the particulate structure in the cross section of the zeolite bipolar 
membrane obtained in the example 12 is shown. 

[Drawing 2] It is the graph which shows the X diffraction result which shows that it is a MFI mold zeolite film. 
[Drawing 3] It is the graph which shows the thermal-expansion curve of a MFI mold zeolite. 
[ Drawing 4] It is the graph which shows the thermal-expansion curve of a MFI mold zeolite and an alumina. 
[ Drawing 5] It is the schematic diagram showing the crack measuring method by pervaporation. 
[Description of Notations] 

10 [ — Vacuum gage. ] — A triisopropyl benzene (TIPB) solution, 1 1 - A zeolite film, 12 — A vacuum pump, 13 
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